Nontuberculous mycobacteria (NTM) are saprophytic organisms present in the environment \[[@CIT0001]\]. NTM are not systematically pathogenic but can cause various diseases in humans including respiratory disease, lymphadenitis, skin and soft tissue infection, and disseminated disease occurring mostly in immunodeficient hosts \[[@CIT0002]\].

The diagnosis of NTM pulmonary disease is challenging in settings of high tuberculosis (TB) burden as NTM can also be detected by smear microscopy, and clinical and radiological features may mimic TB. However, unlike *Mycobacterium tuberculosis* (MTB), for which any positive culture is interpreted as TB disease, the major challenge with diagnosis and management of NTM is to differentiate environmental contamination, or colonization, from disease \[[@CIT0003]\]. Criteria to help differentiate colonization from respiratory disease have been proposed by the American Thoracic Society (ATS) for adults, but these are not validated in children \[[@CIT0002]\].

Human immunodeficiency virus (HIV)--infected adults and children are particularly at risk of NTM-related diseases, including respiratory and disseminated infections due to the *Mycobacterium avium* complex (MAC) \[[@CIT0003]\]. NTM infections, MAC in particular, are globally occurring in adults and children with profound immunodeficiency and CD4 count usually \<50 cells/µL. Data regarding epidemiology and clinical significance of NTM isolation in HIV-infected children from high-TB-burden and resource-limited countries remain scarce \[[@CIT0001], [@CIT0004], [@CIT0005]\].

We assessed the rate of NTM isolation in HIV-infected children with a clinical suspicion of TB in a prospective cohort followed in 4 countries with high and very high TB burden in Southeast Asia and Africa, as well as NTM species distribution and factors associated with NTM isolation in this cohort.

METHODS {#s1}
=======

The French National Agency for Research on AIDS and Viral Hepatitis (ANRS) 12229 Pediatric Asian African Network for Tuberculosis and HIV Research (PAANTHER) 01 study (ClinicalTrials.gov identifier NCT01331811) was a TB diagnostic cohort study that enrolled HIV-infected children aged ≤13 years with suspected intrathoracic TB from 8 hospitals in Burkina Faso, Cambodia, Cameroon, and Vietnam, from April 2010 to May 2014. Relevant ethics committees, institutional review boards, and health authorities in each country approved the study. We included in this analysis children who had at least one interpretable culture result on any microbiological sample.

Inclusion procedures and study design were described elsewhere \[[@CIT0006]\]. According to his/her age, each child had 5 or 6 systematic bacteriological samples, including self-expectorated sputum or gastric aspirate, nasopharyngeal aspirate, string test, and stools collected. All samples were tested with smear microscopy, Xpert MTB/RIF assay (Xpert, Cepheid, Sunnyvale, California, USA), mycobacterial culture on Lowenstein-Jensen medium, and automated liquid culture (Bactec MGIT, Becton Dickinson, Maryland, USA), except in Burkina Faso where culture was only performed on solid media. MTB complex was identified by biochemical method, immunochromatographic tests, or commercial multiplex line-probe assays. Speciation of NTM was performed using the GenoType Mycobacterium CM/AS line probe assay (Hain Lifescience, Nehren, Germany) in Cambodia and Cameroon, and using an in-house 16S ribosomal RNA sequencing in Vietnam. NTM treatment was initiated on a case-by-case basis based on lack of response to prior TB treatment, species of pathogen identified, and immune status. Children were followed for 6 months after enrollment.

We used χ^2^ or Fisher exact tests, and Student or Wilcoxon rank-sum tests to compare characteristics between patients with and without NTM isolated. Factors associated with NTM isolation overall were evaluated using logistic regression models. We entered in multivariate models previously described associated characteristics and variables associated with the outcome in univariate analysis at a threshold of *P* \<.2. We obtained final models using manual stepwise backward selection. We performed analyses using Stata software, version 13.1 (StataCorp, College Station, Texas, USA). All tests were two-sided and a *P* value \<.05 was considered statistically significant.

RESULTS {#s2}
=======

Of 438 HIV-infected children enrolled in the study, 5 died and 5 withdrew before sample collection, and one had a positive culture without identification. Finally, we included 427 children in this analysis ([Supplementary Figure 1](#sup1){ref-type="supplementary-material"}), including 245 (59.2%) with severe immunodeficiency ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}).

NTM were isolated in 46 (10.8%) children, including 5 (1.2%) with both NTM and MTB. Additionally, 50 (11.7%) children had bacteriologically confirmed MTB alone. NTM were isolated in 16.7% of Southeast Asian children and 2.7% of African children.

NTM were isolated from 102 specimens. Among these, species identification was successful for 85 (83.3%) specimens obtained from 41 of 46 (89.1%) children. Overall, 11 different NTM species were identified ([Table 1](#T1){ref-type="table"}). The most frequently isolated NTM species were MAC in 21 (45.7%) children, *Mycobacterium fortuitum*, *Mycobacterium simiae*, and *Mycobacterium scrofulaceum*. The same NTM species was identified in at least 2 separate specimens in 18 (39.1%) children. MAC was isolated almost exclusively in Southeast Asian children (20 of 21 children).

###### 

Nontuberculous Species Identified

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                       All Children With NTM Identified^a^ (n = 46)   Severe Immunodeficiency\   Absence of Severe Immunodeficiency (n = 13)                                      
                                                                                      (n = 33)                                                                                                    
  ------------------------------------ ---------------------------------------------- -------------------------- --------------------------------------------- ---- -------- ------ ---- -------- ---
  1 NTM species identified             28                                             (60.9)                     13                                            18   (39.1)   12     10   (21.7)   1

  * *MAC                               13                                             (28.3)                     9                                             10   (21.7)   9      3    (6.5)    

  * M. fortuitum*                      7                                              (15.2)                     1                                             3    (6.5)           4    (8.7)    1

  * M. simiae*                         2                                              (4.3)                      1                                             2    (4.3)    1                    

  * M. kansasii*                       1                                              (2.2)                      1                                             1    (2.2)    1                    

  * M. scrofulaceum*                   2                                              (4.3)                      1                                             1    (2.2)    1      1    (2.2)    

  * M lentiflavum*                     1                                              (2.2)                                                                    1    (2.2)                         

  * M. gordonae*                       1                                              (2.2)                                                                                         1    (2.2)    

  * M. interjectum*                    1                                              (2.2)                                                                                         1    (2.2)    

  2 NTM species identified             11                                             (23.9)                     3                                             9    (19.6)   3      2    (4.3)    0

  * *MAC + nontypeable NTM^b^          3                                              (6.5)                      2^c^                                          3    (6.5)    2^c^                 

  * *MAC + *M. simiae*                 2                                              (4.3)                                                                    2    (4.3)                         

  * *MAC + *M. scrofulaceum*           1                                              (2.2)                      1^d^                                          1    (2.2)    1                    

  * *MAC + unidentified NTM^e^         1                                              (2.2)                                                                    1    (2.2)                         

  * M. fortuitum* + *M. interjectum*   1                                              (2.2)                                                                                         1    (2.2)    

  * M. gordonae* + nontypeable NTM     1                                              (2.2)                                                                                         1    (2.2)    

  * M. scrofulaceum + M. flavescens*   1                                              (2.2)                                                                    1    (2.2)                         

  * M. simiae + M. cosmeticum*         1                                              (2.2)                                                                    1    (2.2)                         

  NTM species + MTB                    5                                              (10.9)                     1                                             4    (8.7)    1      1    (2.2)    0

  * *MAC + nontypeable NTM + MTB       1                                              (2.2)                                                                    1    (2.2)                         

  * *Nontypeable NTM + MTB             2                                              (4.3)                                                                    2    (4.3)                         

  * M. fortuitum* + MTB                1                                              (2.2)                      1                                             1    (2.2)    1                    

  * *Unidentified NTM + MTB            1                                              (2.2)                                                                                         1    (2.2)    

  NTM species unidentified             2                                              (4.3)                      0                                             2    (4.3)    0      0    (0.0)    0

  Total                                46                                             (100.0)                    18                                            33   (69.6)   17     13   (28.3)   1
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: MAC, *Mycobacterium avium* complex; MTB, *Mycobacterium tuberculosis*; NTM, nontuberculous mycobacteria.

^a^All NTM patients: including NTM + MTB patients.

^b^Nontypeable NTM: after molecular biology assays, NTM remained nontypeable.

^c^≥2 isolates for MAC.

^d^≥2 isolates for MAC and ≥2 isolates for *M. scrofulaceum.*

^e^Unidentified NTM: identification not performed.

A similar proportion of children with and without NTM isolated initiated anti-TB treatment. Additionally, 12 (26.1%) patients with NTM isolated received specific NTM treatment, initiated at a median time of 6.0 (interquartile range, 2.2--9.3) weeks following inclusion. After 6 months of follow-up, 7 (15.2%) children with NTM had died and 39 were still followed up. Mortality did not significantly differ between children with NTM isolated (7/46 \[15.2%\]) and the overall cohort (50/381 \[13.1%\]; *P* = .69).

In multivariate analysis, factors independently associated with NTM isolation were Southeast Asian origin (odds ratio \[OR\], 7.0; 95% confidence interval \[CI\], 2.7--18.3), age 5--9 years (OR, 7.7; 95% CI, 1.7--33.9), and severe immunodeficiency (OR, 2.6; 95% CI, 1.2--5.4) ([Supplementary Table 2](#sup1){ref-type="supplementary-material"}). In Southeast Asian children, age 5--9 years (OR, 7.2; 95% CI, 1.5--35.0), absolute CD4 count \<50 cells/µL (OR, 2.6; 95% CI, 1.2--5.7), indeterminate Quantiferon (OR, 11.4; 95% CI, 1.2--108.2), and presence of a BCG scar (OR, 3.0; 95% CI, 1.2--7.2) were independently associated with NTM isolation.

Complementary clinical and biological data on NTM isolation, factors associated with NTM, and comparison of characteristics of children with NTM and those with confirmed TB and NTM positivity rate according to the specimen type are presented in [Supplementary Tables 3--5](#sup1){ref-type="supplementary-material"}.

DISCUSSION {#s3}
==========

In this multicenter study, NTM was isolated in 10.8% of HIV-infected children with suspected TB. Patients with NTM isolates were mostly Southeast Asian children with severe immunodeficiency. MAC was the most frequently identified NTM. To our knowledge, this is the first prospective study specifically investigating the frequency of NTM isolation and associated factors in HIV-infected children with suspected TB in both Africa and Southeast Asia.

The observed higher NTM isolation rate in Southeast Asian as compared to African children may be explained by differential virulence of NTM strains, variable exposure to NTM, and, possibly, genetic factors influencing host susceptibility \[[@CIT0004]\]. High NTM isolation rates were previously reported in Vietnam, Thailand, and Cambodia in HIV-infected individuals \>7 years old assessed for pulmonary TB \[[@CIT0005], [@CIT0007]\]. Higher age associated with NTM isolation in our study is consistent with known bacteriological confirmation challenges in young children, and possibly longer environmental exposure in older children. The rate of NTM isolation in African settings is in line with most previous studies, which reported rates ranging from 2.1% up to 26.3% \[[@CIT0008]\]. We identified 11 different NTM species, most of them previously described as pathogenic in HIV-infected patients, except for *Mycobacterium interjectum* and *Mycobacterium cosmeticum* \[[@CIT0001], [@CIT0009]\]. Among them, MAC, *Mycobacterium kansasii*, and *M. fortuitum* are well-known to be associated with respiratory disease in children \[[@CIT0011]\]. In our study, the most frequently observed species were MAC, mostly in Southeast Asian sites, followed by *M. fortuitum*. Interestingly, *M*. *simiae*, previously associated with disseminated disease and severe outcome in HIV-infected individuals, was identified in 5 Asian children, confirming the circulation of this rarely observed species in this continent \[[@CIT0005]\].

Isolating NTM in respiratory samples of symptomatic individuals is not sufficient to confirm NTM respiratory disease. ATS criteria for NTM diagnosis and treatment decision in adults have not been validated for children, especially HIV-infected children with severe immunodeficiency, and there is currently no internationally accepted definition for NTM respiratory disease in children \[[@CIT0002]\]. In children with severe immunodeficiency, NTM isolation was more frequent, MAC being isolated in more than half of cases, and frequently confirmed on another sample, supporting the hypothesis of NTM-related opportunistic infection in children from our study. However, unlike bacteriologically confirmed TB, which was associated with a 5-fold increase in mortality in ART-naive children in our study despite access to anti-TB treatment, NTM or MAC isolation was not associated with a higher risk of death in children with severe immunodeficiency \[[@CIT0012]\]. In children without severe immunodeficiency, NTM isolation was less frequent, MAC were rare, and only one child had the same species confirmed on a second sample, which is more in favor of environmental exposure and colonization.

Our study had limitations. First, blood cultures were not performed and we may thus have missed NTM disseminated diseases. Second, respiratory samples were not repeated along time, probably contributing to lower confirmation of NTM disease on a second sample. Third, children were managed heterogeneously across sites in the absence of specific recommendations on NTM treatment.

In this international cohort, the rate of NTM isolation in HIV-infected children with suspected TB was high, particularly in Southeast Asian settings. The high proportion of MAC isolated on repeated samples in children with severe immunodeficiency raises the question of genuine respiratory NTM opportunistic infections, even if we did not show a difference in mortality between children with NTM isolated and other children. Further research should be conducted in settings of high TB and NTM burden to assess clinical significance of NTM isolation in HIV-infected children and develop guidelines on NTM pulmonary disease diagnosis and treatment for this population.

Supplementary Data {#s4}
==================

Supplementary materials are available at *Clinical Infectious Diseases* online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.

###### 

Click here for additional data file.

###### 

Click here for additional data file.
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